Introduction
Excitation of electromagnetic waves by the modulated electron beams injected into anisotropic plasma was observed many times both in space and laboratory experiments [1, 2] . One of the possible mechanisms of this phenomenon (for the simplest case when the beam is injected along the geomagnetic field) is transition radiation on the metal-plasma border [3] . This radiation was calculated in [4] for the laboratory experiments [2] where the transversal length of the transition radiation formation zone [5] is small relatively to the characteristic length of injector. The opposite case that is typical for ionosphere experiments is treated in this report. It corresponds to the radiation caused by the longitudinal restriction of the beam [6] .
Model Description and Basic Equations
Cold plasma in the homogeneous constant magnetic field is treated. Cylindrical modulated electron beam injected in the plane z = 0 moves along the magnetic field. Alternative current density caused by the beam has a form j(r,t) = e:j,,a(r)fi(z)exp(iwt -i*z -zIL); a rl , r.<a; Jlz)=,z>O;( L0 r>a l{z<0 (1) Where r, p, z are cylindrical coordinates, w = i v0, v0 is the beam velocity, L is the beam relaxation length, w is the beam modulation frequency.
Inhomogeneous wave equation for vector-potential with the calibration condition q' = 0 has a form:
where ko = colc, £ is the dielectric permittivity tensor of cold anisotropic plasma that can be presented in the form It is suitable to present the vector-potential components and current density in the form of Fourrier integral overz and Hankel integral over r:
Substituting (4)- (5) into (2), one can obtain the components of vector-potential spectrum from algebraic equations. Denominators of these expressions contain the dispersion function (3). Consequently the singular points of the integrands in (5) correspond to the Cherenkov resonance conditions, i.e. synchronism between the partial current waves caused by the modulated electron beam and electromagnetic eigenmodes of anisotropic plasma. Integrals (5) can be calculated using resides' method for integration over kl and stationary phase method for integration over k1 (in the far radiation zone koR >> 1).
Summa in (5) is calculated upon all the stationary phase points. In general,
there are 3 such points both for forward and backward radioemission. These points correspond to the independent modes with different wave numbers that interfere during their propagation. So the radiation at each angle consists of three interfering components.
Finally, one can obtain the expression for radial component of the Pointing vector in the spherical coordinates.
Radiation Pattern and the Total Radiated Power
Pointing vector was calculated numerically for the parameters typical for ionosphere (w=2 xI06s'-, w, =7 x106s-', ,, =6 xIO7s-') when frequencies fall into the whistler band (o >> 't'H>> »). Under these conditions all the three modes corresponding to the stationary phase points are present at small angles. Fig. 1 shows the angular dependence of the Pointing vector for this case. Interference between the three modes with different wave numbers causes the oscillatory radiation pattern at these small angles. For the angles larger than some critical value, two of the stationary phase points vanish and the directivity diagram is formed only by one mode. As a result, the angular dependence of the Pointing vector monotonically increases with the angle. Fig.2 shows the Pointing vector angular dependence for wide band of angles. If the Cherenkov resonance condition for the beam modulation wave number X is satisfied, the forward radiation exceeds substantially the backward radiation. In the opposite case the forward and backward radiated powers are approximately equal. Fig. 3 proved that the Pointing vector dependence for azimuthal angle and propagation speed for the modulated electron beam versus forward radiation.
Numerical calculation shows that total radiated power grows proportionally to the square of v0 for small beam velocities (see Fig.4 ). One can see the op-
416
Kgrp O.,a timal radiation conditions are satisfied for some velocity, and radiated power greatly increases near that value. For the simulation parameters, efficiency of the radiation at maximum is about 10'. For high beam velocities, total radiated power decreases. This effect is a result of the violation of the Cherenkov resonance condition between the beam and whistler modes. The beam characteristic length is larger than the radiated wave length, so the dependence has some local maxima.
The character of the angular dependence of the energy flow is similar to the results obtained in [4] .
